Fat mimicking properties of citric acid treated sweet potato starch were investigated in this present study. Citric acid treated sweet potato starch was prepared by treating the native sweet potato starch with 3% citric acid for 6 h at a temperature of 45°C. Dextrose equivalent value of citric acid treated sweet potato starch was 2.05%. A significant increase in amylose content was noticed in citric acid treated sweet potato starch possibly due to the lyses of amylopectin fractions. The melting temperature of citric acid treated sweet potato starch was 51.44°C, which was close to the melting point of fat. Citric acid treated sweet potato starch exhibited superior water holding capacity and in vitro digestibility. Gel strength and enthalpy (ΔH) of citric acid treated sweet potato starch were comparatively lower than native sweet potato starch; correspondingly, citric acid treated sweet potato starch confirmed a low pasting profile. Native sweet potato starch and citric acid treated sweet potato starch exhibited a shearthinning behavior. Acid treatment did not alter the granule size of native sweet potato starch (≈8 µm). Hence, this study concluded that citric acid treated sweet potato starch would be used as a potential fat replacer in food preparations due to its fat mimicking properties.
INTRODUCTION
Currently, consumers have a deep concern for their health and so they would like to limit the quantity of fat in their diet. Therefore, many types of fat replacers are being used to improve the quality of food and this affects the appearance and taste of the food. [1] Fat replacers are usually characterized into two groups: fat substitutes and fat mimetics. Fat substitutes are components which have a chemical structure fairly close to fats and comprise physiochemical properties similar to fats. [2 , 3] Usually they are either indigestible or contribute lower calories. On the other hand, fat mimetics are ingredients that have markedly different chemical structures from fat. They are typically carbohydrate and/or protein-based. [4, 5] Carbohydrate based fat replacer includes fiber, hydrocolloids, gums, and modified starch which gives more benefits to product developers and at last consumers in a reduced fat food. In nature, they are hydrophilic, creating a carbohydrate water network when binding with water. That gives the original texture of fat and also is completely digestible in a normal metabolic process due to their all-time availability it is recognized as safe (Generally Regarded as Safe). [6] Since carbohydrate-based fat replacers can bind to considerable amounts of water, their unique functionalities, such as emulsifying, gelling, and thickening properties, permit them to mimic the mouthfeel and flow properties similar to those of fat in aqueous systems. [7] An ideal fat replacer ought to be absolutely safe and physiologically inert, i.e., have no calories or a reduced caloric value, nutritionally equivalent, and creating the illusion of fat. [8] Even though a variety of fat replacers have been developed, there are unfortunately no ideal fat replacers which completely function like conventional fat. [7] Native starch can sometimes be used to replace fat. Nevertheless, starch modified by acid or enzymatic hydrolysis, oxidation, dextrinization, crosslinking, or mono-substitution is more commonly used to achieve desired functional and sensory properties. [9] Acid cause scission of the glucosidic linkages, thereby altering the structure and properties of the native starch. The amorphous regions of the starch granules are more susceptible to acid hydrolysis than the crystalline regions. [10] Acid hydrolysis reduces the molar mass, and consequently it increases the free aldehyde group content. It also decreases viscosity, increases the solubility of the granules, minimizes syneresis, and causes gel thermo-reversibility when subjected to cooling after melting [11] creating a potential fat mimetic for the food industries. In a study conducted by Amaya-Llano et al. [12] acid hydrolyzed jicama starch was prepared and used as a fat substitute in yogurt. Gels of hydrolyzed jicama starch showed thermo-reversibility. Acid treated jicama starch exhibited higher water solubility index and water absorption index and lower gel strength. The addition of hydrolyzed jicama starch (2.03 g/100 g) as a fat substitute in the preparation of stirred yogurt had good functional and sensory properties. Thys et al. [13] investigated the technological, functional properties of acid-thinned pinhao starch. Acid-thinned pinhao starch showed high solubility, thermo reversibility and showed melting point similar to fats. They concluded that the acid treatment was efficient in producing a potential fat substitute from pinhao starch. Ma et al. [14] reported that enzymatic hydrolysis of corn starch could be used as fat replacers.
The following are the criteria for a starch based fat mimetic:
(1) Starch should contain an amylose content of~20%. [15] (2) Starch ought to require a granule size of 2 µm or in similar size to liquid micelle to act as fat mimetic. [16] (3) According to the Food and Drug Administation (FDA), [17] a starch-based fat mimetic is supposed to be partially or completely digestible. (4) Starch must possess a dextrose equivalent (DE) of ≤5.0. [18] (5) Starch gel with a melting point close to that of the conventional fats (37-45°C) could be used as a fat substitute. [19] (6) Starch must possess high water-holding capacity [15] and better emulsifying properties. [7] (7) Starch should display shear thinning characteristic. [20] Sweet potato (Ipomoea batatas (L.)) belongs to the Convolvulaceae family [21] and is considered as the world's most important and under-exploited crop. [22] Low industrial application of sweet potato flour and starch caused a negative growth in its production. The intended use of sweet potato starch for industrial purpose will depend on advanced processing technologies to prepare sweet potato starch with desirable functional properties, and thorough indulgent of the effect of processing conditions on their properties. A better knowledge and understanding of sweet potato starch properties and how they compare with those of other starch source, is necessary to enhance the potential value of sweet potato starch in existing and novel uses. [23] Based on this background, the research was aimed to evaluate the properties of acid-modified sweet potato starch as fat mimetic.
MATERIALS AND METHODS

Materials
Sweet potato was purchased from a local supermarket (Palzhamuthirsollai) in Salem, Tamil Nadu, India. A glucose oxidase-peroxidase (GOD-POD) kit was obtained from Beacon Diagnostics, Navasari, India. Amyloglucosidase from Aspergillusniger (30 U/mL) and all reagents were purchased from Sigma-Aldrich.
Isolation and Preparation of Acid-Thinned Sweet Potato Starch
Starch was isolated from sweet potato by the method of Wickramasinghe et al. [24] An edible portion of sweet potato was cut into small pieces and homogenized with distilled water. The slurry was then passed through double-layered cheesecloth and the filtrate was allowed to settle for a minimum of 3 h at ambient temperature. The precipitated starch was washed three times with distilled water, dried at ambient temperature for 48 h and then the dried starch was kept in an oven at 50°C for 3 h and ground into fine powder and named as native sweet potato starch (NSPS). Citric acid treated sweet potato starch (CTSPS) was prepared by the method of Zambrano and Camargo. [25] Starch slurry was prepared by dispersing NSPS (40 g dry basis) in 3% citric acid solution (0.15 M) and kept in a water bath at 45°C for 6 h with constant stirring. After hydrolysis, pH was adjusted to 5.5 ± 0.2 by slowly adding aqueous sodium hydroxide (5 g/100 mL). The starch was washed three times with two-fold volume of deionized water prior to filtration and dried in a convection oven at 45°C for 48 h. The dried starch was made into powder and packed in airtight containers for further use
Physiochemical Properties
Reducing sugar value of NSPS and CTSPS was measured using the dinitrosalicylic acid method of Miller [26] to determine its DE. The starch sample (1 g) was diluted with 50 mL distilled water and filtered. Then the filtrate (0.5 mL) was mixed with 3,5-dinitrosalicylic acid to measure the reducing sugar content with dextrose as standard. The DE value was calculated as follows:
DE ¼ g reducing sugar=g dry weight of starch Â 100% Amylose content determination was carried out by colorimetric iodine affinity procedure [27] A mixture of 0.1 g of the starch sample, 1 mL of ethanol and 9 mL 1N sodium hydroxide was boiled for 10 min in a boiling water bath and allowed to cool. To that portion (5 mL) of the mixture, 1 mL of 1N acetic acid and 2 mL of iodine solution were added and Absorbance (A) was read in Spectrophotometer at 620 nm. The apparent amylose content was calculated as follows:
Apparent amylose content % ð Þ ¼ 3:06 Â A Â 20; where: A ¼ Absorbance value
Moisture content and dry matter were determined by the method of Adebayo et al. [28] Two milligrams (2 mg) of starch sample was measured into a previously weighed crucible. The crucible plus sample was then placed in an oven set at 100°C. Drying was carried out until a constant weight was observed. Later the crucible-containing sample was removed from the oven and FAT MIMICKING PROPERTIES OF ACID TREATED STARCH transfer to a dessicator, cooled for 10 min, and weighed. The moisture content and dry matter were determined and expressed in percentage.
Melting Point, Clear Point, and Thermo-Reversibility of the Starch Gel Starch gel was prepared by the method described by the National Starch and Chemical Corporation [18] with modification. Sweet potato starch suspension (5%) was prepared with 0.02% (w/v) sodium metabisulphite in a beaker at 80°C for 10 min and then autoclaved at 121°C for 15 min. Subsequently, the beaker was cooled, hermetically sealed, and stored at 4°C for 24 h. The obtained gel was melted in a water bath at 80°C under agitation. The change in consistency was visually observed, and melting point was considered as the temperature at which the liquid phase was formed and mixing of the gel was possible. The clear point was considered as the temperature at which the sol appears optically clear. For the gel thermo-reversibility, the gel was melted in a water bath with constant stirring and allowed to cool down to room temperature, followed by refrigeration at 4°C for 18 h and the gel formation was observed. [12] In Vitro Digestibility of Starch Samples
In vitro digestibility of starch was analyzed according to the method of Noda et al. [29] with some modifications. A mixture consisting of 4% (w/v) starch suspension in tubes was placed in a water bath at 100°C for 10 min to obtain the starch suspension. A 0.5 mL of starch suspension, 0.25 mL of 100 mM acetate buffer (pH 5.0), and 0.25 ml of glucoamylase solution were incubated at 40°C for 2 h with stirring. After digestion, surplus starch was removed by centrifuge (4350 tour/min during 10 min), and glucose in the filtrate was analyzed using the GOD-POD reagent.
Functional Properties
Water holding capacity (WHC) was determined by the method of Niba et al. [30] Starch sample (1 g) was suspended in 5 mL water in a centrifuge tube. The slurry was shaken on a wrist-action shaker for 1 min at ambient temperature and centrifuged at 3000 × g for 10 min. The supernatant was poured carefully into a tared evaporating dish. WHC was calculated as follows (g/g):
Mass of water added to sample À Mass of water removed from sampleÞ = mass of starch sample ð Emulsifying activity and stability of starch samples were determined by the method of Neto et al. [31] A starch dispersion was prepared (10 mg/mL) and was homogenized for 1 min with 5 mL of refined sunflower oil. The emulsion was centrifuged (1100 × g, 5 min) and the emulsifying activity was calculated as follows.
Emulsifying activity % ð Þ ¼ Height of the emulsified layer=Height of the total content ð Þ Â 100
Emulsion stability was determined by heating the emulsion at 80°C for 30 min before centrifuging (1100 × g, 5 min) Emulsion stability ð%Þ ¼ ðHeight of the emulsified layer after heating= Height of emulsified layer before heatingÞ Â 100
Textural Properties of the Starch Gel
Gel textural properties were determined using a texture analyzer (Texture analyzer HD plus, Stable Microsystems, Godalming, UK). A starch suspension of 10% in a 50 mL beaker was heated to 95°C for 15 min and cooled to ambient temperature, then stored at 4°C for 24 h. The gel formed in the beaker was directly used for the texture analysis, and each gel was penetrated 4 mm by a P25/L (25 mm diameter) cylindrical probe. Two strength-time curves were obtained with a 1.0 mm/s speed during the penetration cycles. The texture profile curves were used to calculate gel strength, cohesiveness, adhesiveness, springiness, gumminess, and chewiness.
Pasting Properties
The pasting profile of starch was recorded using a Rapid Visco Analyser (RVA Tech Master, Perten Instruments, and Japan). The viscosity profiles were recorded using starch suspensions (12% w/v). The Std1 profile of the Perten Instruments was used, where the samples were held at 50°C for 1 min, heated from 50 to 95°C at 12.16°C/min, held at 95°C for 2.30 min, cooled from 95 to 50°C at 11.84°C/min, and held at 50°C for 2 min. The peak viscosity (PV), breakdown (BD), trough viscosity (TV), set back (SB), final viscosity (FV), pasting time (Pt), and pasting temperature (PT) were recorded.
Thermal Analysis
A differential scanning calorimeter (DSC; TA Instrument, Q2000, New Castle, NJ, USA) was used to determine the gelatinization characteristics of starch samples. A 4.5 mg sample (dry basis) was weighed in an aluminum pan and 10 µL of deionized water was added. The pan was sealed tightly and then it was allowed to stand for 1 h before carrying out the analysis. An empty aluminum pan was used as reference. The sample was subjected to a heating program over a range of temperature from 10 to 125°C and a heating rate of 5°C/min. The onset, peak, and final temperatures (T o , T p , and T c , respectively) and transition enthalpy (ΔH) were determined.
ΔH ¼ KA=m
where, ΔH is the enthalpy change of the reaction, m is the mass of the sample at the beginning of the experiment, K is the calibration coefficient, and A is the area under the peak. [32] Rheological Properties Dynamic rheological measurements of native and acid modified sweet potato starch-water suspensions (10%, dry sample to distilled water) were performed at 85°C with a CVOR Rheometer (Bohlin, Malvern, Worcestershire, United Kingdom), using parallel plate geometry (20 mm diameter, 1 mm gap). For each measurement, 1 mL of sample was carefully deposited over the plateau of the rheometer. After the plateau comes into contact with the plate, the exposed surface of the sample was covered with a thin layer of low-density silicone oil to prevent evaporation during the measurement. In order to describe the variation in the rheological properties of samples under steady shear, the data were fitted to the well-known power law model (Eq. 1), which was used extensively to describe the flow properties of non-Newtonian liquid engineering applications. A linear regression of shear rate versus shear stress was plotted to obtain statistically best values of R 2 , K, and n.
where, σ = shear stress (Pa), γ = shear rate (s-1), K = consistency index (Pa s n ), n = the flow behavior index (dimensionless).
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Structural Properties
Powder X-ray diffraction (XRD) XRD pattern of starch samples was obtained using a Powder X-ray diffractometer (Rigaku Mini Hex-II, Japan). The graphs were plotted between the 2θ angles of 10 and 60 and smoothed with the software PowderX (Chinese Academy of Sciences, Beijing). The degree of crystallinity of samples was quantitatively estimated following the method of Nara and Komiya [33] with the Origin-version 6.0 software (Microcal Software Inc., Northampton, MA, USA).
Scanning electron microscope (SEM)
Starch granules were observed using a SEM (JEOL-Model 6390, Japan). Granule size was determined by using ImageJ 1.46r (National Institute of Health, USA) software.
Statistical Analysis
The data of physiochemical and functional properties of the CTSPS were nine replications while other properties are triplicates. All data obtained were subjected to student's t-test using MS Excel 2007. Differences at p < 0.05 were considered to be significant.
RESULTS AND DISCUSSION
Physiochemical Properties
Recovery yield
The recovery yield of CTSPS was 90% (Table 1) and it was in the range as reported by Dutta et al. [34] and Babu et al. [35] Starch yield was reduced after acid treatment as starch might be hydrolyzed by citric acid during the acid starch reaction.
DE
DE value is an indicator of degree of acid hydrolysis. The DE value of CTSPS was 2.05%. Thys and Aires [13] reported a DE value of 6.5 for pinhao starch treated with HCl, nevertheless DE values 
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obtained in the present study was much lower as citric acid used for acid treatment was a weak organic acid, hence the degree of hydrolysis of the starch seems to be lower. On the other hand, sweet potato starch was treated with low concentration of citric acid (3%), and hence, resulted in the lower DE value. Since the DE value of acid treated starches were within the range referred by National Starch and Chemical Corporation [18] indicates a potential applicability of the CTSPS starch as a fat mimetic.
Apparent amylose
The amylose content of NSPS was 18.56%, this result is agreed with the data reported by Tsakama et al. [36] Acid treated starch displayed significantly higher portion of apparent amylose (25.81%) which might be due to the de-polymerization of amylopectin fractions during acid hydrolysis. Acid hydrolysis increases the amylose content of starch. [37] Yackel and Cox [38] stated that starches with a higher linear fraction (amylose content) bind strongly and orient water to endow with a sensation comparable to the rheology of fat in the oral cavity. Vanderveen and Glinsmann [15] suggested an amylose of 20% was required for a carbohydrate-based fat replacer. Hence, CTSPS could mimic the functionality of fat when used as a fat replacer.
Moisture and dry matter
Moisture content and dry matter of NSPS was 14.11 and 85.89%, respectively, and in contrast CTSPS showed lower moisture content (9.50%) and higher dry matter (90.50%). A similar trend was observed by Omojola et al. [39] during acid hydrolysis of cola starch.
Melting point, clear point, and thermo-reversibility
Melting point, clear point and thermo-reversibility of NSPS and CTSPS are shown in Table 1 . Both NSPS and CTSPS illustrated a perfect gel formation when gelatinized and stored under refrigeration at 4°C. Melting point of NSPS was observed at 67.00°C while the CTSPS melted at 51.44°C that was lower than the native starch and it was closer to the melting point of conventional fats (37-45°C), this indicated that CTSPS would be used as a fat substitute. Amylopectin plays a major role in starch granule crystallinity and the presence of amylose indirectly lowers the melting point of the starch granule. [40] The higher amylose content of CTSPS might be responsible for its lower melting point and clear point. Shorter amylopectin chains with less stable crystalline structure might be formed due to acid treatment of starch there by decreasing the melting point and clear point of starch gel. [41] Thys et al. [13] noticed a melting point of 46°C for acid treated pinhao starch. CTSPS had shown a clear point at 61.33°C however, the clear point was not displayed by native starch up to 80°C. Therefore, it might occur at a temperature above 80°C. NSPS resisted gel thermo-reversibility. Conversely, CTSPS displayed gel thermo-reversibility which implies that the degree of hydrolysis of the starch molecules was not very extensive, and thereby retained its gel structure. Acid treatment of starch causes partial hydrolysis of starch chains, resulting in much lower paste viscosity. However, when the paste cools down, acid-thinned starch chains tend to associate with each other more easily, forming a thermo-reversible gel. [42] Similar fashion of gel thermo-reversibility was registered in the previous study [13] for pinhao and corn starches.
In vitro digestibility
In vitro digestibility of NSPS and CTSPS was measured by glucoamylase and it is shown in Table 1 . The digestibility of NSPS was 63.27% and this result is in comparable with the previous report on sweet potato starch (28.3-67.2%). [43] The digestibility rate had been increased by citric acid treatment. The acid hydrolysis might take place in the amorphous FAT MIMICKING PROPERTIES OF ACID TREATED STARCH area of the starch granule, and thereby crystallites were decoupled from the amorphous parts. Consequently, unlocked amorphous regions would be more sensitive to the enzyme attack and prone to rapid hydrolysis on the external glucose residues of amylose or amylopectin and it could be the reason for the increase in digestibility of acid modified starch. Hence CTSPS was confirmed as a fat replacer since the FDA [17] recommended that a fat replacer might be partially or completely digestible.
Functional Properties
WHC
The result of WHC of NSPS and CTSPS is shown in Table 2 . A significant difference was observed in the WHC between NSPS and CTSPS. Citric acid treatment probably increased the low molecular weight starch fraction with hydroxyl groups that hold water molecules to form hydrogen bonds consequently increasing the WHC. Thus, high WHC of CTSPS may mimic the property of fat when used in reduced fat foods.
Emulsion activity and emulsion stability
CTSPS exhibited a higher emulsion activity and emulsion stability compared to NSPS (Table 2) . CTSPS with higher linear amylose was found to exhibit emulsion property for preventing the separation of oil and water, the CTSPS evenly distributed to stabilize the emulsion system. The linear amylose fractions might be capable of film formation which would enhance the emulsion capacity and stability of the starch. [44] Instrumental Texture Analysis Texture profile analysis (TPA) of NSPS and CTSPS gels is shown in Table 3 . The gel strength of NSPS was 1.644 Kg and CTSPS was 0.392 Kg. The gel formed from NSPS was harder than CTSPS possibly due to the presence of long chains in sweet potato native starch that contribute to its firmer gel. On the other hand, the low gel strength of acid-thinned sweet potato starch 
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might be attributed to a higher degree of short chains due to acid hydrolysis. [10] A similar result was also noted in the study conducted by Sodh et al. [45] Wang and Wang [10] reported gel strength of 0.306, 0.484, and 0.094 Kg for acid thinned corn, potato, and rice starches, respectively. Springiness represents the ability of a gel to recover its original shape/height after a deforming force is removed. [46] No significant change in the springiness was noticed due to acid treatment. Adhesiveness is the ability of the gel sample to become sticky. [47] It is a surface characteristic which depends on a combined effect of adhesive and cohesive forces, viscosity, and viscoelasticity of the sample. [48] Adhesiveness of native and acid treated sweet potato starch was 0.05 and 0.01 g/s, respectively. Starch with high amylose content (CTSPS) was observed to have lower adhesiveness. [49] Cohesiveness is how well a sample with stands a second deformation relative to how it behaved under the first deformation. [50] Cohesiveness of starch samples was ranged from 0.49 to 0.62. Gumminess is the product of hardness and cohesiveness, a characteristic of semi-solid foods which have a low degree of hardness and a high degree of cohesiveness. [50] NSPS displayed a higher chewiness and gumminess compared to the CTSPS while CTSPS showed a higher cohesiveness than NSPS. The difference in textural properties of all sample gels was influenced by rigidity in gelatinized starch, amylose content as well as interaction between the dispersed and continuous phase of the gel which in turn is dependent on the amylose and amylopectin structure. [51] Pasting Properties Table 4 reveals a significant influence of citric acid on viscosity of the sweet potato starch. RVA results of the CTSPS confirmed a low PV compared to native starch. A similar fashion of change was reported in the literature by Sandhu et al. [52] and Dutta et al. [34] The lower PV of CTSPS may be due to considerable BD of amorphous regions and the production of low molecular weight dextrins. [53] TV is the viscosity that develops after holding the paste at 95°C and it measures the ability of the paste to withstand BD during cooling. [54] TV and BD viscosity values of acid treated starch displayed the same decreasing trend compared to native starch. The increased degree of amylose recrystallization by acid thinning might be attributed to the change in break down viscosity. [55] CTSPS displayed a lower FV compared to NSPS. Han et al. [56] reported that acid hydrolysis results in considerable lyses of glycoside linkages of the long amylopectin chains, which apparently causes the fall in FV. The lower FV of acid treated starch implies that it undergo mild re-association and formed a weak network structure than native starch. SB viscosity is a measure of recrystallization of gelatinized starch. CTSPS registered a higher setback than native starch indicating that these starches got higher retrogradation tendency than native starch. Native starch took more time (4 min) to reach its 
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PV than acid thinned starches. Overall pasting characteristics of sweet potato starch were found to be modified because of citric acid treatment. A similar decrease in pasting profile was noticed up on acid treatment of corn by Singh et al. [53] in acid thinned sorghum starch.
Thermal Analysis
Thermal properties of starches determined by the DSC are represented in Table 5 . Results showed variations in onset (T o ), peak (T p ), conclusion (T c ) temperatures and enthalphy (ΔH) between NSPS and CTSPS. NSPS displayed higher onset temperature than CTSPS. This is in agreement with the result reported that decreased T o value was observed for acid modified maize starch [57] CTSPS displayed a higher T p and T c temperature. This specifies that an acid hydrolysis might occur at the amorphous region of starch, which results in an increase in relative crystallinity and subsequently demonstrating an increased gelatinization temperature. Similar results were reported for acid modified potato starch [10] and sweet potato starch. [58] The ΔH of NSPS was 12.96 J/g on the other hand ΔH of CTSPS was lower than their counterpart native starch. The enthalphy of citric acid treated starch was 12.57 J/g. ΔH gives an overall measure of crystallinity and is an indicator of the loss of molecular order within the granule during gelatinization. [59] CTSPS had a greater loss of ordered structure due to citric acid treatment.
Rheological Analysis
Shear rate versus shear stress plot of both 10% NSPS and CTSPS at 85°C was well fitted to the power law model (Eq. 1) with determination coefficients (R 2 ) of 0.97 and 0.92 respectively, represented in Table 6 . NSPS and CTSPS confirmed the values of flow behavior indexes (n) less than 1 indicating a shear-thinning behavior. NSPS showed a higher flow behavior index while CTSPS exhibited a lower flow behavior index suggesting that it possess a greater shear thinning behavior than its counter NSPS studied. This shear-thinning behavior might be attributed to the higher amount of breakage of the intra-and inter-molecular associative bonding system in the starch network micelles due to shearing at higher shear rates, as noted by Bhandari et al. [60] It is evident that n was higher for NSPS which contains lower amylose content. The decrease in the T o , T p , and T c stand for onset, peak, and conclusion temperatures, respectively. ΔH (J/g) indicates enthalpy. Mean values followed by the different letters within the column are significantly different (p < 0.05). power law index (n) with increasing amylose content (CTSPS) was generally attributed to an increase in the entanglements between amylose chains, since the highly branched amylopectin was not expected to form effective entanglements. [61] Same is the case with the consistency index where NSPS exhibited a higher K value while CTSPS showed a lower K value. Both starches (NSPS and CTSPS) showed a non-Newtonian behavior, where the viscosity decreased when shear rate was increased (Fig. 1) . This pattern is defined as shear thinning and is produced when the stress disorganized the arrangement of the macromolecules inside of the matrix. [62] When shear force is applied, the particles may rearrange themselves into a parallel direction with shear force and big particles may break into small particles. The particles can flow easily as a result of resistance arising from particle-particle interaction which results in decreasing of viscosity. [63] Structural Properties XRD X-ray diffractogram of NSPS and CTSPS samples are presented in Fig. 2 . NSPS and CTSPS exhibited a C-type X-ray diffractogram pattern. Both the starches exhibited peaks at the 2θ diffraction angles around 10, 11, 15, 17, 20, 23, and 26. The degree of crystallinity was higher in CTSPS than NSPS. The results of the present study showed that the crystallinity of sweet potato starch was increased with acid treatment (Table 1) as suggested by Atichokudomchai, Shobsngob, and Varavinit. [64] Similar pattern was reported by Babu et al. [35] The increase in crystallinity of CTSPS has been attributed to preferential hydrolysis of the amorphous regions of the starch granule. [65] 
SEM
The SEM of the NSPS was illustrated in Fig. 3 . Illustration of starch sample showed the presence of starch granules from small to large sizes. The granule surface of starches appeared to be smooth with no sign of any fissure. Zhu et al. [66] also observed a smooth granule surface of sweet potato starches without cracks. Most of the sweet potato starch granules were polygonal in shape, however, round and irregular shapes were also noted. The surface of CTSPS granule was found to have a crack (depicted by arrows) as acid might have attacked the surface of the granule. Acid thinning resulted in a higher FAT MIMICKING PROPERTIES OF ACID TREATED STARCH degree of surface erosion similar result was noticed in the literature. [35 , 67] Nevertheless a remarkable cleavage of the external surface of starch granule was observed in CTSPS starch as acid tends to attack the outer crystalline region subsequently assaulting the inner amorphous region. Acid treatment had no significant effect was noticed on the granule size of sweet potato starches. Granule size of NSPS and CTSPS (Table 1 ) was 8.61 and 8.30 µm, respectively. Granule size of CTSPS was greater than the required size for a fat replacer mentioned in the literature.
CONCLUSION
The NSPS exhibited a recovery yield of 90% after treatment with 3% citric acid up to 6 h. The CTSPS exhibited a lower DE value, greater amylose content, and a melting point close to fat, which reveals that CTSPS exhibited the fat mimicking properties. Acid hydrolysis caused gel thermo-reversibility and it had superior WHC and emulsion properties. CTSPS demonstrated a 
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SURENDRA BABU ET AL. reduced gel strength, which attributed to a higher degree of short chains. A marked decline in viscosity was observed for acid treated starch compared to NSPS as proved by RVA results. Higher gelatinization temperature (T p and T c ) and crystallinity displayed by CTSPS specifies that acid hydrolysis might occur at amorphous region. The power-law model showed the best shear stress versus shear rate data with R 2 values between 0.97 and 0.92 for NSPS and CTSPS, respectively, with an n-value less than 1. A visible degradation was observed when the granules were subjected to citric acid treatment with no significant change in granule size. The study led to infer that CTSPS possess fat mimicking properties and can be useful as a fat replacer.
